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Title 

APPARATUS AND METHOD FOR MANUFACTURING 
A COMPOSITE GOLF CLUB HEAD 

Technical Field 

The present invention relates to a manufacturing method for a golf club head 
composed of plies of pre«preg sheets. More specifically, the present invention relates to 
a bladder-mold manufacturing method for a golf club head composed of plies of pre- 
preg sheets. 

Background Art 

One of the first (if not the first) disclosures of a golf club head composed of a 
plurality of plies of a pre-preg material is Great Britain Patent Application Number 
1201 648 which was filed in 1967 on behalf of William Charles Carlton, 

In 1984, U.S. Patent Number 4,449,707 issued to Hayashi et aL, for a Golf Club 
Head Of Carbon Fiber Reinforced Plastic, based on a Japanese Patent Application 
originally filed in 1982. The Hayashi Patent discloses surrounding a core with a fiber 
reinforced fabric to create a golf club head with a proper center of gravity. 

Another disclosure is U.S. Patent Number 4,545,580 to Tomita et ah, for a 
Wood-Type Golf Club Head, based on a Japanese Patent Application originally filed in 
1983. The Tomita Patent^discloses a durable golf club head having an outer shell 
composed of a fiber reinforced plastic material, a foam center core, and an intermediate 
shell formed of a thermoplastic resin material. 

Yet another disclosure is U.S. Patent Number 4,630,826 to Nishigaki.et al., for 
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Golf Club Head. The Nishigaki Patent discloses body composed of a carbon resin layer 
and a cast resin layer with a face insert block composed of a ceramic material. 

Still another disclosure is U.S. Patent Number 4,778,185 to Kurokawa, for 
Wood-Type Core-Shell Golf Club Heads, based on a Japanese Patent Application 
5 originally filed in 1984, The Kurokawa Patent discloses a golf club head composed of 
a foam core and a shell composed of a material fiber reinforced plastic having long and 
short fibers. 

Yet another disclosure is U.S. Patent Number 4,793,616 to Fernandez, for Golf 
Club. The Fernandez Patent discloses a club head shell composed resin impregnated 
10 fibers and ceramic particles within the resin to provide a high strength shell. 

Yet another disclosure is U.S. Patent Number 5,154,425 to Niskanen et al., for a 
Composite Golf Club Head. The Niskanen Patent discloses a club head composed of a 
metal matrix composite of a ceramic matrix composite. 

Although the prior art has disclosed many club head composed of composite 
1 5 materials, the prior art has failed to provide a golf club head composed of a composite 
material that is lightweight, forgiving and has a high coefficient of restitution. 

Summary of the Invention 

20 The present invention provides a method and apparatus for manufacturing a golf 

club head that is composed of a composite material and is forgiving while providing 
better performance than other composite golf club heads. 
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Brief Description of the Drawings 



FIG. 1 is an exploded view of a golf club head manufactured by the method of 
the present invention. 

5 FIG- 2 is a front view of a golf club head manufactured by the method of the 

present invention. 

FIG. 2 A is a front view of a golf club head manufactured by the method of the 
present invention. 

FIG. 3 is a top plan view of a golf club head manufactured by the method of the 
10 present invention. 

FIG. 4 is a heel end view of a golf club head manufactured by the method of the 
present invention. 

FIG. S is a toe end view of a golf club head manufactured by the method of the 
present invention. 

IS FIG. 6 is a bottom plan view of a golf club head manufactured by the method of 

the present invention. 

FIG. 7 is a cross-sectional view of the golf club head of FIG. 3 along line 7*7. 

FIG. 8 is a cross-sectional view of the golf club head of FIG. 2 along line 8-8. 

FIG. 9 is an isolated cross-section view of a face preform of the present 
20 invention. 

FIG. 9A is an enlarged view of area A of FIG. 9. 

FIG. 9B is an enlarged view of area B of FIG. 9. 
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FIG. 10 is an isolated cross-section view of a crown/face preform of a golf club 
head of the present invention. 

FIG. 1 1 is an isolated cross-section view of a sole preform of the present 
invention. 

5 FIG. 12 is a top plan view of a golf club head manufactured by the method of 

the present invention illustrating the variation in thickness of the walls of the golf club 
head. 

FIG. 13 is a front plan view of a golf club head manufactured by the method of 
the present invention illustrating the variation in thickness of the walls of the golf club 



FIG. 14 is a bottom plan view of a golf club head manufactured by the method 
of the present invention illustrating the variation in thickness of the walls of the golf 
club head. 

FIG. 1 S is a heel end view of a golf club head manufactured by the method of 
15 the present invention illustrating the variation in thickness of the walls of the golf club 



10 



head. 



head. 



FIG. 16 is a plan view of a face/crown ply having a ninety degree orientation. 



FIG. 1 7 is a plan view of a full face ply having a ninety degree orientation. 



FIG. 18 is a plan view of a face doubler ply having a ninety degree orientation. 



20 



FIG. 19 is a plan view of a sole ply having a negative forty-five degree 



orientation. 



FIG. 20 is a flow chart of the general method of the present invention. 
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FIG. 21 is a flow chart of the face component creation step of the method of the 
present invention. 

FIG. 22 is a flow chart of the compressing molding step of the method of the 
present invention. 

5 FIG. 23 is a perspective view of the prefomi manufacturing apparatus. 

FIG 24 is a left side view of the preform apparatus. 
FIG. 25 is a right side view of the preform apparatus. 
FIG. 26 is a bottom plan view of the preform apparatus. 
FIGS. 27a-b are schematic views of the plunger head for the face component. 
10 FIGS. 28a-b are schematic views of the plunger head for the sole component. 

FIGS. 29a-b are schematic views of the plunger head for the crown component. 



Best Mode(s) For Carrying Out The Invention 

15 As shown in FIGS. 1 -6, a golf club head is generally designated 20. The club 

head 20 is either a fairway wood or a driver. The drivers range in loft angle of from six 
degrees to fifteen degrees. The club head 20 has a body 22 that is generally composed 
of a composite material such as plies of carbon pre-preg sheets, however, portions may 
be composed of metal or injected molded polymers. The body 22 has a crown 24, a 

20 striking plate 26, a sole 28 with a bottom portion 28a and a ribbon 30. The ribbon 
preferably has an upper ribbon wall 30a and a lower ribbon wall 30b. The ribbon 30 
generally extends from a toe end 32 to a heel end 34. The ribbon 30 generally begins at 
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one end of the striking plate 26 and ends at an opposite end of the striking plate 26. A 
rear 36 of the body 22 is opposite the striking plate 26 and is defined by portions of the 
ribbon 30, the crown 24 and the sole 28. Also, at the heel end 34 of the club head 20 is 
an internal tube 38 with an opening 39 for placement of a shaft therein. The internal 
5 tube 38 is placed within the hollow interior 44 of the body 22. A weight member 40 is 
preferably located within the ribbon 30. 

A sole plate 42 is disposed within a recess 29 of the bottom portion 28a of the 
sole 28. The sole plate 42 is preferably composed of a metal material such as aluminum 
or titanium, and preferably has a mass of 5 grams to 20 grams. A preferred mass for an 

10 aluminum sole plate 42 is approximately 1 1 grams, and a preferred mass for a titanium 
sole plate 42 is approximately 18 grams. The sole plate 42 is preferably bonded within 
the recess 29 through the use of adhesives. The sole plate 42 preferably has embossed 
graphics thereon. The sole plate 42 increases the durability of tiie club head 20 since 
the sole 28 often impacts the ground during the striking of a golf ball. 

15 The club head 20 also has a greater volume than a composite club head of the 

prior art while maintaining a weight that is substantially lower or equivalent to that of 
the prior art. The volume of the club head 20 ranges from 175 cubic centimeter to 450 
cubic centimeters, more preferably ranges from 300 cubic centimeters to 400 cubic 
centimeters, and is most ijreferably 360 cubic centimeters for a driver. The mass of the 

20 club head 20 ranges from 165 grams to 300 grams, preferably ranges from 175 grams to 
225 grams, and most preferably from 188 grams to 195 grams. The body 22 of plies of 
pre-preg material has a mass ranging from 80 grams to 120 grams, and most preferably 
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98 grams. 

The volume of the golf club head 20 is increased by increasing the vertical 
distance of the club head 20 from the sole 28 to the crown 24, as opposed to the 
horizontal distance of the heel end 34 to the toe end 32. This increase in volume is 
S brought about by the dual wall structure of the ribbon 30. The upper ribbon wall 30a is 
approximately perpendicular relative to the crown 24, while the lower ribbon wall 30b 
preferably has an angle between 25 degrees and 75 degrees relative to the crown 24. 
The greater volume of the club head 20 allows the club head 20 to be more forgiving 
than prior art golf club heads while providing better performance. The mass of club 

10 head 20 is much lower than metal club heads of similar volumes, and thus the large 
volume does not deter from the swing of a golfer. 

The strildng plate 26 has a smaller aspect ratio than striking plates of the prior 
art. The aspect ratio as used herein is defined as the width, '"w", of the striking plate 
divided by the height, "h", of the striking plate 26, as shown in FIG. 2A. In one 

15 embodiment, the width w is 90 millimeters and the height h is 54 millimeters giving an 
aspect ratio of 1 .666. In conventional golf club heads, the aspect ratio is usually much 
greater than 1 . For example, the original GREAT BIG BERTHA® driver had an aspect 
ratio of 1 .9. The aspect ratio of the present invention pref^ably ranges from 1 .0 to 1 .7. 
As shown in FIG. 7, the internal tube 38 lies within the hollow interior 44 of the 

20 club head 20. The internal tube is preferably composed of a metal material and has a 
mass ranging from 8 grams to 20 grams. The internal tube 38 is most preferably 
composed of stainless steel and has a mass of approximately 14 grams. The internal 
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tubing 38 has a bore 130 to receive an insert and a shaft, not shown, therein. 
Preferably, the club head 20 has a hollow interior 44 defined by the body 22, however, 
the light weight of the composite body 22 allows for numerous manipulations in 
placement of weight, foam, sound enhancing devices and the like within the hollow 
5 interior 44. 

Referring specifically to FIG. 1 , the club head 20 has a weight member 40 
disposed within the plies of pre-preg that compose the ribbon 30 of the club head 20. 
Preferably, the wei^t member 40 is composed of three weight members 40a, 40b and 
40c. The weight member 40 is preferably composed of a polymer material integrated 

10 with a metal material. The metal material is preferably selected firom copper, tungsten, 
steel, aluminum, tin, silver, gold, platinum, or the like. A preferred metal is tungsten. 
The weight member 40 has a density greater than the composite material of the body 
22. Preferably, the weight member 40 extends fi-om approximately the heel end 34 of 
the striking plate 26 through the rear 36 to the toe end 32 of the striking plate 26. 

15 However, the weight member 40 may only extend along the rear 36 of the ribbon 30, 
the heel end 34 of the ribbon 30, the toe end 32 of the ribbon 30, or any combination 
Hhereof. 

The placement of the weighting members 40a-c allows for the moment of inertia 
of the golf club head 20 to be optimized. In one preferred example of the golf club 
20 head 20 of the present invention, the moment of inertia about the Ixx axis through the 
center of gravity is approximately 2566 grams-centimeters squared ("g-cm^"), the 
moment of inertia about the lyy axis through the center of gravity is approximately 
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1895 g-cm^, and the moment of inertia about the Izz axis through the center of gravity 
is approximately 3368 g-cm^. 

As shown in FIGS. 8, 9, 9A and 9B, a return portion 100 is a transition area 
from a perimeter 29 of the striking plate 26 rearward towards the crown 24. The retum 
portion 100 has a thickness ranging from 0.100 inch to 0.200 inch to control the 
compliance of the striking plate 26. The retum portion 100 has an upper section 100a, a 
lower section 100b, a heel section 100c, not shown, and a toe section lOOd, not shown. 
The retum portion 100 also has a taper region 101, which includes an upper tapering 
region 101a, a lower tapering region 101b, a heel tq>ering region 101c, not shown, and 
a toe tapering region lOld, not shown. The tapering region 101 tapers in thickness 
from a greater thickness nearer the striking plate portion 26 to a lesser thickness 
rearward toward the crown 24. 

The retum portion 100 has a predetermined length which extends rearward from 
the perimeter 29 of the striking plate portion 26 into the crown 24. Preferably, the 
distance of the retum portion 100, "Dr", ranges from 0.25 inch to 2.0 inches, more 
preferably from 0.5 inch to 1.75 inches, and most preferably 1.5 inches. Preferably, the 
distance frx>m the perimeter 29 to the beginning of the tapering region 101 of the retum 
portion 1(X) ranges from 0.25 inch to 1.5 inches, and most preferably 1.0 inch. 

The body 22 is manufactured from a face component 125, which includes the 
striking plate portion 26 and the retum portion 100, a crown component 124 and a sole 
component 128. The crown component 124 overlaps the face component 125, as 
shown in FIG. 10. The sole component 128 includes the ribbon portion 30 and the 
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bottom portion 28a. The sole component 128 is attached to the crown component 124 
and the face component 125. 

FIGS. 16-19 illustrate preferred pre-preg sheets for forming the composite body 
of the golf club head 20. FIG. 16 illustrates a face/crown ply pre-preg sheet that is 
5 generally designated 55. The face/crown ply 55 has a plurality of fibers 51 dispersed 
within a resin body 53. The fibers 5 1 are preferably composed of a carbon material. 
Alternatively, the fibers 51 may be aramid fibers, glass fibers or the like. The resin is 
typically an epoxy material. The relation of the fibers 51 to the striking plate 26, when 
the striking plate 26 is in a position to strike a golf ball, determmes the orientation of 

10 the fibers 51. If the fibers 5 1 are parallel with the ground, or in other words extending 
across torn the toe end to the heel end, then the face/crown ply 55 has a zero degree 
orientation. If the fibers 51 are approximately perpendicular to the ground, as shown in 
FIG. 16, or in other words extending fi^om the crown to the sole, then the face/crown 
ply 55 has a ninety degrees orientation. 

15 FIG. 17 illustrates a fiiU face ply pre-preg sheet that is generally designated 57. 

As with the face/crown ply 55, the fiiU face ply 57 has a plurality of fibers 51 dispersed 
within a resin body 53. The fibers 5 1 extend &om the sole 28 to the crown 24, and thus 
the fiiU face ply 57 has fibers 5 1 that are perpendicular to the ground when it is in a 
position for striking a golf ball. Therefore, the full face ply 57 of FIG. 17 has a ninety 

20 degrees orientation. 

FIG. 18 illustrates a face doubler ply pre-preg sheet that is generally designated 
58. As with the face/crown ply 55, the face doubler ply 58 has a plurality of fibers 5 1 
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dispersed within a resin body 53. The fibers 51 extend from the sole 28 to the crown 
24, and thus the face doubler ply 58 has fibers 5 1 that are perpendicular to the ground 
when it is in a position for striking a golf ball. Therefore, the face doubler ply 58 of 
FIG. 18 has a ninety degrees orientation. 
5 FIG. 19 illustrates a sole ply pre-preg sheet that is generally designated 59. As 

with the face/crown ply 55, the sole ply 59 has a plurality of fibers 51 dispersed within 
a resin body 53. The fibers 5 1 extend at a forty-five degree angle relative to the ground 
when it is in a position for striking a golf ball. Therefore, the sole ply 59 of FIG. 19 has 
a forty-five degree orientation. 
10 As previously stated, the preferred composite material is plies of carbon pre-peg 

sheets. Plies of pre-preg composite sheets are manufactured by pulling strands of fiber 
in a parallel motion, preferably carbon, aramid or glass fiber, through a resin film and 
allowing the resin to partially cure or "stage". When the resin is partially staged, the 
resin holds the fibers together such that the fibers form a malleable sheet with all of the 

1 9 fibers in a specific orientation relative to an edge of the sheet. Prefenred orientations are 
zero degrees, plus forty-five degrees, minus forty-five degrees and ninety degrees. 

The manipulation of the thickness of the various regions of the body 22 allows 
the golf club head 20 to have superior durability, forgiveness and performance as 
compared to prior art composite golf club heads. As shown in FIGS. 12-15, the 

20 thickness of the body 22 is focused on the striking plate portion 26. In a most preferred 
example: the region designated A of the striking plate portion 26 has a thickness of 
approximately 0.169 inch; the region designated B, at the junction of the crown 24 and 
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Striking plate 26 has a thickness of approximately 0.188 inch; the region designated C 
of the bottom portion 28a of the sole 28 has a thickness of approximately 0.221 inch; 
the region designated D of the ribbon 30 and of the bottom portion 28a has a thickness 
of approximately 0.202 inch; the region designated E of the crown 24, the bottom 
5 portion 28a and the ribbon 30 has a thickness of approximately 0.033 inch; and the 
region designated F of the crown 24 has a thickness of approximately 0. 1 9 1 inch. The 
regions designated Zl, Z2, Z3, Z4, Z5 and Z6 are tapering zones where the thickness 
tapers rearward. 

The golf club head 20 is preferably manufactured using a bladder molding 
10 process. FIG. 20 illustrates the general method of the present invention. At block 200, 
fhe face component 125 or face cup preform is created by laying up a plurality of plies 
of pre-preg sheets. The plies of pre-preg sheets create the striking plate 26 and the 
return portion 100 of the face component 125. A detailed example of the face 
component 125 is set forth below. At block 202, the crown component 124 or crown 
1 5 preform is created by laying up a plurality of plies of pre-preg sheets over the face 

component 125 as shown in FIG. 10. The plies of pre-preg sheets create the crown 24, 
tfie striking plate 26 and the return portion 100. A detailed example of the crown 
component 124 is set forth below. At block 204, the sole component 128 or sole 
preform is created by laying up a plurality of plies of pre-preg sheets with a plurality of 
20 weight members 40a-c. The plies of pre-preg sheets are folded over the plurality of 
weight members 40a-c. The plies of pre-preg sheets create the ribbon 30 and the 
bottom portion 28a. A detailed example of the sole component 128 is set forth below. 
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At block 206, the face cup component 125, crown component 124 and sole 
component 128 are assembled to form an assembled unit. An inflatable bladder, 
preferably made from latex, silicone, or similar materials, is placed within the interior 
of the assembled unit during assembly and an access end of the bladder is placed 
through the bladder port. At block 208, the assembled unit is placed within a 
compaction device and pre-compacted to fomi a pre-compacted unit. At block 210, the 
pre-compacted unit is placed within a compression mold for bladder molding of the 
pre-compacted unit into a molded unfinished golf club head. At block 212, the molded 
golf club head is finished to create the golf club head 20. 

During the bladder molding, a source of pressurized gas (not shown) is attached 
by a gas line to the bladder, and the bladder is inflated within the hollow interior of the 
pre-compacted unit. The bladder engages the inside surface of the pre-compacted unit, 
forcing the plies of pre-preg sheets agamst the inner wall of the compression mold. The 
mold is then heated at a predetermined temperature for a selected period of time, i.e., a 
time sufficient to allow proper curing of the resin within the pre-preg sheets. After 
depressurizing, the bladder is removed through the bladder port 43, and the molded 
imfinished golf club head is removed fi-om the compression mold. Those skilled in the 
art will appreciate that, depending upon the type of resin used, curing temperatures may 
range fi-om 250** to SOO"" F, the requisite curing time may range fi-om a few minutes (for 
example, in the case of a "quick cure" epoxy or a thermoplastic resin) to 1 .5 hours, and 
the pressure applied via the latex or silicone bladder may range firom 100 to 300 psi. 

FIG. 21 illustrates the face component creation process of block 200 of FIG. 20. 



030e413aAl_l > 



wo 03/064139 PCT/US03/02825 

14 

At block 300, a first predetermined quantity of plies of pre-preg sheets for the face 
component 125 are placed within a cavity configured to approximate the face 
component 125. At block 302, this first predetermined quantity of plies of pre-preg 
sheets for the face component 125 are compressed by using a plunger or other similar 
5 device to create a stack of compressed plies. At block 304, a second predetermined 
quantity of plies of pre-preg sheets for the face component 125 are placed within the 
cavity over the compressed plies. At block 306, this second predetermined quantity of 
plies of pre-preg sheets for the face component 125 are compressed by using a plunger 
or other similar device to create a stack of more compressed plies. At block 308, the 
10 process is repeated until a desired thickness of the face component 125 is achieved by 
the process. 

This process may be repeated to form both the crown component and the sole 
component. It would be necessary prior to repeating the steps to exchange the mold 
cavities so that the appropriate mold cavity is configured to approximate the crown 
1 5 component 1 24 in forming the crown preform, or to approximate the sole component 
128 in forming the sole preform. 

FIG. 22 is a flow chart of the assembly and pre-compaction steps. At block 400, 

the face-component/crown component is created by laying up the plies of the crown 

« 

component over the face component 125. At block 402, the inflatable bladder is placed 
20 within the sole component 128 and extended through the bladder port 43. At block 
404, the assembled unit is placed within a compaction mold, and an extension of the 
bladder is extended through a bore in the mold. At block 406, the compaction mold is 
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sealed and the assembled unit is compacted to form the pre-compaction unit. 

In a preferred embodiment, the face component 125 is composed of forty-eight 
plies of pre preg sheets: forty full face plies 57 in orientations of zero degrees, plus 
forty- five degrees, minus forty-five degrees and ninety degrees; and eight face doubler 
5 plies 58 in zero degrees and ninety degrees orientations. The crown component 124, 
which is applied over the face component 125, is composed of seven face/crown plies 
55 in orientations of zero degrees, plus forty-five degrees, minus forty-five degrees and 
ninety degrees. The sole component 128 is composed of seven sole plies 59 in 
orientations of zero degrees, plus forty-five degrees, minus forty-five degrees and ninety 

1 0 degrees. The second and third pairs of sole plies 59 are folded over the pliu-ality of 
weight members 40a-c. In a preferred embodiment, the outer plies are a twill pattem 
for aesthetic purposes and some durability support. 

FIGS. 23-26 illustrate an apparatus 130 used in forming the preforais for a golf 
club head. The apparatus 130 comprises a mold 132 having an opening 133 in the top 

1 5 portion to define a cavity 1 34. The mold 132 is mounted to the apparatus 130 by a 
mold support plate 136. The mold support plate 136 is attached to the mold 132 at a 
top location and to a mold base plate 138 at a bottom location. The mold base plate 138 
is held in ^lace by attachment to a base 140 of the apparatus 130. The base 140 of the 
apparatus 130 may be free standing or may be mounted to a support structure using tabs 

20 1 4 1 or other means of attachment. 

The mold cavity 134 may be configured to approximate a face cup component 
125, crown component 124 or sole component 128 by having an interior surface that 
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conforms to the shape and volume of the component to be molded. A plunger head 142 
is mounted on a removable plunger plate 144. The plunger head 142 is comprised of 
silicone, urethane or other elastomeric materials and preferably has a durometer ranging 
from 25 to 85 shore A and an elongation range of 100 % to 700 %. The plunger head 
5 142 and removable plunger plate 144 is located above the cavity 134 and is used to 

compress the plies of pre-preg sheets into the cavity 134. The plunger head 142 may be 
of various sizes to approximate the size of the cavity 134 and is designed so that as the 
size of the plunger head 142 decreases, the corresponding volume of the preform that is 
created by using the plunger head 142 decreases. The removable plunger plate 144 

10 allows for an assortment of plunger heads 142 to be interchanged to approximate the 
particular cavity size chosen for manufacturing a preform of the face cup component 
125, crown component 124 or sole component 128. 

Once the particular preform to be manufactured is chosen, the plunger head 142 
is activated to press the plies into the cavity to form the preform. Preferable pressure 

1 5 ranges for the plunger head 142 may range from 30-80 psi, however these ranges may 
be increased or decreased depending upon variations in the materials chosen to 
fabricate the preforms. The removable plunger plate 144 with attached plunger head 
142 is mounted to a fixed plate 146. The fixed plate 146 is subsequently attached via 
an attachment piece 148 to a moveable rod 150 located in a bottom portion of a lower 

20 support plate 152. The lower support plate 152 is used to support a pnuematic cylinder 
154. Thus aligning the pnuematic cylinder 154, plunger head 142, and cavity 134 along 
a longitudinal axis. The pnuematic cylinder 154 travels up and down in a vertical 
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direction to allow oscillation of the plunger head 142 in and out of the cavity 134 along 
this longitudinal axis. A release lever 156 is located on the mold support plate 136 and 
is used to raise the plunger head 142 once the pre-preg plies have been compressed in 
the cavity 134. The pnuematic cylinder 154 is held in place by a series of support rods 
158a-d in conjunction with the lower support plate 152 and an upper support plate 160. 
A mounting plate 162 is attached to a rear portion of the upper support plate 160 at one 
end and to the tower support plate 152 at an opposite end. A support arm 164 is used to 
align the mounting plate 162 in a vertical direction and is attached at one end to the 
mounting plate 162 and at an opposite end to the apparatus base 140. 

FIGS. 27a-b, 28a-b, and 29a-b are schematic views of the plunger head 142 
apparatus with respect to the face, sole and crown components, respectively. As can be 
seen from the schematic drawings, the volume of the plunger head increases and 
decreases with respect to the particular component to be manufactured. Preferable 
volume ranges for a plunger head used in manufacturing a preform for a small face 
component may range from lOin^ to 18in^ , with a more preferable volume of 14.4in^. 
Alternatively, for a large face preform the preferable volume range for the plunger head 
may be from 14.00in^ to IS.OOin"', with a more preferable volume of 16in^. For a 
plunger head used in manufacturing a preform for the sole component a preferable 

I , 

volume range would be 25in^ to 32in^, with a more preferable volume of 30.4in^ . 
Whereas for a plvmger head used in manufacturing a preform for the crown component 
a preferable volume range would be 38in^ to 45in^, with a more preferable volume of 
41in^ 
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CLAIMS 



1 . An apparatus for producing preforms for a golf club head, the preforms 
composed of plies of pre-preg sheets, the apparatus comprising: 

5 a mold defining a cavity, the mold having a top surface with an opening therein 

to the cavity; 

a plunger head configured to compress plies of pre-preg sheets placed within the 
cavity; and 

a pneumatic cylinder, the plunger head attached to the pneumatic cylinder at one 
10 end, the pneumatic cylinder, plunger head and the mold aligned along a longitudinal 
axis, the pneumatic cylinder allowing for oscillation of the plunger head along the 
longitudinal axis. 

2. The apparatus according to claim 1 wherein the mold defines a cavity 

15 configured for a face component for a composite golf club head, and the plunger head is 
configured to compress plies of pre-preg sheets into the shi^e of the face component, 
the face component having a striking plate portion and a return portion. 

3. The apparatus according to claim 1 wherein the mold defines a cavity 

20 configured for a crown component for a composite golf club head, and the plunger head 
is configured to compress plies of pre-preg sheets into the shape of the crown 
component. 



BNSOOCID: <WO 030641 39A1 



wo im)64i39 PCT/US03/(>2825 

19- 

4. The apparatus according to claim 1 wherein the mold defines a cavity 
configured for a sole component for a composite golf club head, and the plunger head is 
configured to compress plies of pre-preg sheets into the shape of the sole component. 



5 5. A method for forming preforms for a golf club head, the preforms composed of 
plies of pre*preg sheets, the method comprising: 

placing a plurality of plies of pre-preg sheets in a mold cavity, the mold cavity 
configured to define a prefomi for a component of a golf club head; 

lowering a plunger head along a longitudinal axis toward the mold cavity, the 
10 plunger head configured to compress the plurality of plies of pre-preg sheets into a 
component of a golf club head; 

compressing the plurality of plies of pre-preg sheets with the plunger head to 
form a component of a golf club head; and 

removing the component of a golf club head from the mold cavity. 

15 



BNSOOCID: <WO 030641 BOA 1.l„> 



wo 03/064139 PCT/U 803/02825 

20- 

6. A method for fonning a sole component for a golf club head, the sole 
component composed of plies of pre-preg sheets, the method comprising: 

placing a plurality of plies of pre-preg sheets in a mold cavity, the mold cavity 
configured to define a sole component for a golf club head; 
5 lowering a plunger head along a longitudinal axis toward the mold cavity, the 

plunger head configured to compress the plurality of pUes of pre-preg sheets into a sole 
component for a golf club head; 

compressing the plurality of pHes of pre-preg sheets with the plunger head to 
form a sole component for a golf club head; and 
10 removing the sole component for a golf club head ftx)m the mold cavity. 

7. A method for forming a crown component for a golf club head, the crown 
component composed of plies of pre-preg sheets, the method comprising: 

placing a plurality of plies of pre-preg sheets in a mold cavity, the mold cavity 
1 5 configured to define a crown component for a golf club head; 

lowering a plunger head along a longitudinal axis toward the mold cavity, the 
plunger head configured to compress the plurality of plies of pre-preg sheets into a 
crown component for a golf club head; 

compressing the plurality of plies of pre-preg sheets with the plunger head to 
20 form a crown component for a golf club head; and 

removing the crown component for a golf club head from the mold cavity. 
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FIG. 1 
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FIG. 12 




FIG. 13 
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200 , — CREATING A FACE-CUP PREFORM COMPOSED OF A MULTIPLE OF PLIES OF PRE-PREG. 



202. 



CREATING A CROWN PREFORM COMPOSED OF A MULTIPLE OF PUES OF PRE-PREG. 



204. 



CREATING A SOLE PREFORM COMPOSED OF A MULTIPLE OF PUES OF PRE-PREG. 



206. 



ASSEMBUNG THE FACE-CUP PREFORM WITH THE CROWN PREFORM AND THE SOLE 
PREFORM TO CREATE AN ASSEMBLED FACE-CUP PREFORM, CROWN PREFORM AND 
SOLE PREFORM.WITH BUW)OER THEREIN. 



208, 



PRE-COMPACTING THE ASSEMBLED FACE-CUP PREFORM, CROWN PREFORM AND SOLE 
PREFORM TO FORM A PRE-COMPACTED UNIT. 



210. 



MaOING THEPRE-COMPACTION UNIT ATA PREDETERMINED HEAT AND 
PRESSURE TO CREATE A MaOED CLUB HEAD. 



212. 



RNISHING THE MOLDED CLUB HEAD TO CREATE 
A RNISHED COMPOSITE GOLF aUB HEAD. 



FIG. 20 
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300. 


PUCING A PREDETERMINED QUANTITY OF FACE PUES WITHIN A MOLD CAVfTY 
CONFIGURED TO APPROXIMATE A FACE OF A GOLF CLUB HEAD. 






• 


302 


COMPRESSING THE PREDETERMINED QUANTITY OF FACE PLIES WITHIN 
THE MOLD USING A PLUNGER TO CREATE COMPRESSED PUES. 







PLACING AN ADDITIONAL PREDETERMINED QUANTITY OF FACE PUES WITHIN 
THE MOLD CAVITY ON TOP OF THE COMPRESSED PUES. 



306, 



COMPRESSING THE ADDITIONAL PREDETERMINED QUANTITY OF FACE PUES AGAINST 
THE COMPRESSED PUES WITH THE PLUNGER TO CREATE MORE COMPRESSED PUES. 



308. 



REPEATING THE ADDITION OF PUES AND COMPRESSING UNTIL A DESIRED 
THICKNESS OF THE FACE-CUP PREFORM IS ACHEIVED 



FIG, 21 
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LAYING UP A MULTIPLE OF CROWN PUES AND FACE CROWN PLIES WITH 
THE PREFORM FACE^UP TO CREATE A FACE-CROWN PREFORM. 



402. 



PLACING AN INFLATABLE BLADDER ON A SOLE PREFORM AND EXTENDING 
A BIAODER PORT THROUGH AN APERTURE IN THE SOLE PREFORM. 



404. 



PLACING THE FACE-CROWN PREFORM WITHIN A COMPACTION MOLD AND 
EXTENDING THE BUDOER PORT THROUGH A MOLD BORE 



406. 



SEALING THE COMPACTION MOLD WITH THE ASSEMBLED PREFORMS THEREIN. 



FIG. 22 
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